SUMMARY Intestinal absorption of glycine 20 mmol/l, glycyl-glycine 10 mmol/l, glycine 10 mmol/l plus L-leucine 10 mmol/l, and glycyl-L-leucine 10 mmol/l has been studied by intestinal perfusion in 11 patients with tropical sprue and 10 control subjects. The patients with sprue had a significant reduction in the rate of absorption of glycine from a 20 mmol/l solution, but there were no significant differences in the absorption of the other substances. The failure to demonstrate any difference in the absorption of these substances is probably related to their low concentration relative to the maximum absorptive capacity of the intestine. In both groups of subjects the kinetic advantage of glycyl-glycine absorption as compared with glycine absorption was maintained. When the dipeptides were perfused, free amino acids appeared in the perfusate presumably by 'back diffusion' from the mucosal cells. In the case of glycyl-L-leucine considerably more glycine and leucine were found in the perfusate in patients with sprue than in the control subjects. There was no correlation between peptide absorption and the concentration of total glycyl-glycine hydrolase and glycyl-L-leucine hydrolase, measured as combined brush border and cytosol enzymes. The concentrations of these enzymes were similar in both groups of subjects.
Tropical sprue has been defined as a syndrome of small intestinal malabsorption of unknown aetiology occurring among residents of, or visitors to, the tropics. It has further been suggested that for the diagnosis to be made there should be malabsorption of at least two test substances (Klipstein and Baker, 1970) . Various test substances have been employed in the past, and the ability of patients with tropical sprue to absorb fat, carbohydrate, and some vitamins has been extensively studied. However, because suitable methods of testing are so few, very little data are available about amino acid or peptide absorption in this condition.
The aim of the present study was to investigate amino acid and peptide absorption in patients with chronic tropical sprue, using the quantitative technique of intestinal perfusion.
Methods

SUBJECTS STUDIED
Eleven subjects with tropical sprue and 10 control ' Wellcome Trust in Association with World Health Organization. Received for publication 23 March 1976 subjects from the same socioeconomic group, and of comparable age and sex, were studied. In all cases the nature of the test was explained to the subjects and their informed consent for the investigations obtained.
All subjects were studied in a metabolic ward and were given a standard diet containing 50 g of fat per day. Before the perfusion studies they underwent a period of assessment including daily faecal fat estimation and repeated tests of xylose and vitamin B12 absorption. Faecal fat was estimated by the method ofvan de Kamer et al. (1959) . Xylose absorption was tested by giving a 5 g dose of d-xylose and measuring the excretion in the urine in the subsequent five hours, by the method of Roe and Rice (1948) . Vitamin B12 absorption was measured using an oral dose of 1 ,ug (05 ,uc) 57CoB,2 and measuring the rise in serum radioactivity eight hours later-a rise of more than 0-2 % of the test dose per litre of plasma being considered normal (Mathan et al., 1973) . Jejunal biopsies were obtained in all subjects for enzyme studies and histological assessment using a Crosby capsule (Crosby and Kugler, 1957) .
The control subjects were either symptomless or had minor vague complaints with no evidence of 511 gastrointestinal disease. All had normal absorption of fat and vitamin B12, but three had reduced excretion of xylose (13, 17, and 22% in five hours). Their jejunal biopsies were similar to those of apparently healthy Indian subjects (Baker and Mathan, 1972) .
The eleven subjects with tropical sprue had all been ill for more than six months. At the time of study all had diarrhoea with increased stool volume; all had steatorrhoea with the excretion of from 8 to 19 g fat per day; all had xylose malabsorption and excreted only 5 to 16 % of the dose in five hours and six had vitamin B12 malabsorption. Jejunal biopsies all showed changes compatible with the diagnosis of tropical sprue (Baker and Mathan, 1972) . PERFUSION 
STUDIES
Direct measurements of absorption were made using a double lumen perfusion technique incorporating a proximal occlusive balloon (Hellier et al., 1970) . The tube was passed on the morning of the test after an overnight fast. Under radiological control the infusion port was placed just distal to the duodenojejunal flexure. The position of the tube was also checked from time to time during the study.
The following four solutions were used: (1) glycine 20 mmol/l; (2) glycyl-glycine 10 mmol/l; (3) glycine 10 mmol/l + L-leucine 10 mmol/l, and (4) glycyl-Lleucine 10 mmol/l. Amino acid and the equivalent dipeptide solutions were chosen in order to compare their relative rates of absorption. Solutions were made up with 015M saline incorporating polyethylene glycol (PEG 4 mg/ml) as a non-absorbable marker. The osmolality in each case was approximately 300 m Osm and the pH was adjusted to 7-0. Solutions were perfused in randomised order at 15 ml/min over a 30 cm segment. For each solution after a 30 minute equilibration period, three 10 minute samples were collected. Samples were collected on ice, and those for dipeptide analysis were acidified to pH 1 to reduce any tendency for hydrolysis of dipeptide. Each sample was then centrifuged to remove any debris and frozen at -20°C to await analysis. Polyethylene glycol was measured by the method of Hyden (1955) . Amino acids were measured as copper complexes using a quantitative paper chromatographic method developed in this laboratory using 75 % ethanol as the eluent (Das and Radhakrishnan, 1973) . Dipeptides were measured as cadmium complexes, by a similar paper chromatographic method, using 80% methanol as the eluent and the spraying agent described by Atfield and Morris (1961) (1) .
Glycyl-glycine hydrolase and glycyl-L-leucine hydrolase were estimated in mucosal biopsy fragments by the spectrophotometric assay method of Josefsson and Lindberg (1965) modified to achieve optimal conditions by using a 50 mmol/l concentration of the substrates.
CALCULATIONS AND BACK-DIFFUSION
Details of the formulae for calculating absorption have been described previously (Hellier et al., 1970) . During dipeptide absorption free amino acids accumulate in the lumen. These arise to a variable extent from brush border hydrolysis and backdiffusion of amino acids from the cell after intact dipeptide uptake, depending on the dipeptide. For uniformity in calculating absorption, free amino acids are treated as though they resulted from hydrolysis of dipeptide before dipeptide uptake and an appropriate correction made to dipeptide absorption rates to allow for this. Treating the data in this way tends to underestimate dipeptide absorption.
Results
The results of individual tests are shown in Fig. 1 . The mean absorption rates for 20 mmol/l glycine were significantly lower in the sprue group than in the controls, whereas with all the other solutions there were no significant differences in absorption rates. In the patients with sprue there was no correlation between these absorption rates, the results of xylose and fat absorption studies, or biopsy changes. When absorption of glycine from a solution of the amino acid was compared with absorption from a solution of the dipeptide glycyl-glycine, absorption from the latter was greater in all except two individuals (Fig. 2) . The mean kinetic advantage for glycine from the dipeptide solution was 30% in the control subjects and 34-5 % in the patients with sprue. In both groups there was no kinetic advantage for either glycine or leucine as the dipeptide glycyl-L-leucine, when compared with an equimolar mixture of the free amino acids.
The appearance of amino acids in the aspirate during the perfusion of glycyl-glycine and glycyl-Lleucine is shown in Fig. 3 . In the case of glycylglycine 10 mmol/l the appearance rates of glycine were similar in the two groups, though the mean rate was lower in the tropical sprue groups. However, in the case of glycyl-L-leucine the amounts of both glycine and leucine appearing in the perfusate were much greater in patients with tropical sprue, the difference being statistically significant (p < 0-025 and < 0 01 respectively). In both groups the amount of leucine in the aspirate was very much less than that of glycine.
Dipeptidase levels for both dipeptides studied were measured in jejunal biopsies in eight of 10 Intestinal perfusion studies in tropical sprue. 1. Amino acid and dipeptide absorption normal subjects and 10 of 11 patients with tropical sprue (Fig. 4) . The mean enzyme levels for the two dipeptidases were almost identical in both groups.
Discussion
GLYCINE MALABSORPTION Butterworth et al. (1958) tested glycine absorption in patients with tropical sprue by giving a 25 g oral load and studying plasma glycine concentrations. Their results suggested impairment of glycine absoption in the upper intestine. This is confirmed by the present study, using a more direct technique for measuring intestinal absorption.
APPARENT SIMILARITY BETWEEN PATIENTS WITH SPRUE AND CONTROLS
When the patients with sprue were compared with the control subjects with respect to xylose, fat, and vitamin B12 absorption, and intestinal biopsy findings, there was a clear-cut difference between the two groups. It was therefore surprising that with glycine 20 mmol/l there was considerable overlap between the two groups and with the other substances there were no detectable differences. The results of perfusion studies depend specifically on mucosal function, whereas fat, xylose, and B12 absorption tests are indirect indicators of absorption which may be influenced by multiple factors, apart from mucosal damage. It is little difference in the impairment of mucosal cell function in the sprue patients when compared with the controls. The results of perfusion tests in these control subjects have already indicated impaired absorption when compared with normal Western subjects (Hellier et al., 1976) and it is possible that the more marked structural changes in sprue (Mathan et al., 1975) are not accompanied by significantly greater functional derangement. This KINETIC ADVANTAGE OF GLYCYL-GLYCINE The relative sparing of glycyl-glycine, as compared with glycine absorption in the present study, means that the relative kinetic advantage of glycyl-glycine absorption in subjects with sprue is greater than in normal subjects. A similar observation was also made by Adibi et al. (1974) in three patients with coeliac disease. These observations underline the fact that either there are different transport systems for the dipeptide and amino acid or, if the same transport system is involved, the system must be more active for glycyl-glycine than for glycine absorption, so that when the transport system is progressively damaged it shows up first in the transport of glycine.
APPEARANCE OF AMINO ACIDS IN LUMEN DURING PERFUSION
In this study there was no significant difference Intestinal perfusion studies in tropical sprue. 1. Amino acid and dipeptide absorption 515 between the two groups in the amount of glycine appearing in the aspirate when glycyl-glycine was perfused, but when glycyl-L-leucine was perfused, both free glycine and leucine accumulated within the lumen in tropical sprue patients at approximately twice the rate seen in control subjects. These two dipeptides are handled differently by the normal mucosa. Glycyl-glycine is absorbed almost entirely as the intact dipeptide and is readily detectable within the tissue (Matthews et al., 1969; Peters and MacMahon, 1970) . On the other hand, glycyl-Lleucine is rapidly hydrolysed, probably mainly at the brush border (Fern et al., 1969) but also intracellularly; the specific activity of glycyl-L-leucine hydrolase is very high in the mucosa and intact dipeptide cannot be detected within the tissue in normal circumstances.
In the study of Silk et al. (1974) a similar increase in free amino acids in the perfusate was noted when glycyl-L-alanine was perfused in subjects with partial villous atrophy due to dermatitis herpetiformis. This dipeptide like glycyl-L-leucine undergoes more rapid hydrolysis than glycyl-glycine.
The increased accumulation of amino acids in the perfusate could result from intraluminal hydrolysis, but there is evidence that this does not occur to any significant extent (Matthews et al., 1969; Adibi, 1971) . It is theoretically possible that increased hydrolysis occurred at the surface of the brush border in the patients with sprue, but this seems improbable, since in patients with sprue the brush border often shows morphological damage (Mathan et al., 1975) and other brush border enzymes are decreased (Swaminathan et al., 1970) . A more likely explanation, in the presence of quantitatively normal enzymes, is that, once the dipeptide is in the cell, it is hydrolysed and 'back diffusion' of amino acids out of the cell is increased. This could result either from increased permeability of the luminal surface of the cell to the amino acids, or impairment of onward movement of amino acids across the serosal pole of the cell leading to a build up in their intracellular concentration with consequent increased 'back diffusion'. In support of this latter suggestion are the electron microscopic studies in tropical sprue showing thickening of the basement membrane region and accumulation of fat at this site, suggesting impairment to onward movement of lipid (Mathan et al., 1975) .
ENZYME CONCENTRATIONS
There was no correlation between the concentrations of glycyl-glycine hydrolase or glycyl-L-leucine hydrolase and dipeptide absorption rates. There were also no significant differences between enzyme concentrations in the patients with sprue and those in control subjects. This contrasts with disaccharidase levels where a significant reduction is seen in tropical sprue (Swaminathan et al., 1970) . Howevery, it should be emphasised that the enzyme measurements employed in this study were of 'total' enzyme content, 90% or more of which is intracellular dypeptidase. It has not yet been possible separately to measure pure brush border dipeptidases as distinct from those occurring in the cytosol in biopsy specimens. If the dipeptidases are concerned with dipeptide transport, it will presumably be those in the brush border which are more likely to correlate with peptide uptake. Furthermore, the already known reduction of disaccharidases in sprue suggests that the brush border dipeptidases might be affected even though the total dipeptidases as measured in this study are normal.
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